Lavandula angustifolia (Mill.) is a medicinal plant of great importance with a variety of applications in perfume and pharmaceutical industries or landscaping, but only limited information is available about its response to potassium supplementation. This experiment was conducted in order to determine the effects of potassium (K: ,8-cineole, borneol, camphor, α-terpineol, myrtenal) and mineral accumulation were affected by K treatments. Lavender grown in 300 mg L -1 of K was appropriate for the essential oil uses/production while the 325 mg L -1 of K were more appropriate for lavender cultivation for fresh and dry matter uses.
Introduction
Common or English lavender (Lavandula angustifolia) , an important evergreen perennial shrub, is used medicinally, in the perfumery, balms, salves, soaps, cosmetics and extensively used as model plant for isoprenoid biosynthesis studies (Biswas et al., 2009) .
Essential oil (EO) of lavender has sedative, carminative, antiseptic, anti-inflammatory, analgesic and antimicrobial (antifungal and bactericidal) properties due to the high content in terpenes (Biesiada et al., 2008) .
Lavender contains polyphenols, natural pigments (anthocyanins, carotenoids) and chemicals with great antioxidant role in human health; however, there is lack of knowledge in literature on the antioxidant properties of lavender (Miliauskas et al., 2004) . The typical aroma of lavender is derived mainly by linalool, linalyl acetate, 1,8-cineole, o-cymene, borneol, and camphor compounds (Biswas et al., 2009) (Miliauskas et al., 2004) . The effect of mineral application by means of fertilizers, on lavender plant antioxidant activity as well as essential oil yield and constituents is poorly known. Due to the increasing demand for aromatic/ medicinal crop for commercial purposes, appropriate cultivation practices and mineral application are necessary. On that point, modern and precisely growing techniques such as hydroponics (growing crops without soil) may benefit crop production (Klados and Tzortzakis, 2014) . The application of fertilizers and the mineral uptake/accumulation are the two most important factors that increase plant yield and productivity (Almeida et al., 2015) . The essential oil production in aromatic plants may be affected positively or negatively by the form, the type and the amount of the fertilizers (Yadegari, 2015) . Minerals such as nitrogen (N), phosphorous (P), and potassium (K) may affect the growth and essential oil synthesis in aromatic plants and are used by plants to build many organic compounds such as amino acids, proteins, enzymes and nucleic acids. These minerals affect the function and levels of enzymes involved in the terpenoides biosynthesis (Hafsi et al., 2014) . The monovalent cations, such as K, in enzyme activation, plays a role to aid substrate binding by lowering energy barriers in the ground and/or transition states rather than being the agents of causing catalysis (Page and Di Cera, 2006) .
Potassium is considered a plant essential mineral that
can be usually found in high concentration in tissues, in particular in the meristem and in the phloem, while Hafsi et al. (2014) reviewed that K uptake by the plant roots is accomplished by at least two distinct kinetic systems, high and low affinity K + transporters.
Nurzynska-Wierdak (2013) reviewed that K deficiency may disrupt the N metabolism, exhibit changes in N:K ratio and/or in the nitrogen fractions proportions as well as in the accumulation of harmful amino substances and ammonium ions in the plant. Chrysargyris et al. (2016) reported that N and P level efficiency might be related with the appropriate K levels in lavender plants, highlighting the needs for further study to that direction. Potassium is an important element in plant metabolism, promoting carbohydrates, fats and protein synthesis, increasing crop yield and improving fresh produce quality. Moreover, K is enabling plants efficacy to resist pests and diseases as well as K is acted as enzymes cofactor, including enzymes related to the essential oil synthesis (Cakmak, 2005; Hafsi Lavender growth under K levels et al., 2014) . The application of K affected plant growth and essential oil yield of lemongrass (Cymbopogon flexuosus), dittany (Origanum dictamnus), basil (Ocimum basilicum) and rosemary (Rosmarinus officinalis) plants (Economakis, 1993; Puttanna et al., 2010) .
Nowadays, the use of chemical fertilizers has been confined mainly to the application of N and P in soil, due to basic fertigation/applications before annual crop establishment, including vegetables, aromatic and ornamental crops -in NH 4 -N form for N-and less attention has been paid to K, often applied as supplementary mineral, according to the crop needs.
The objective of the present study was to examine the performance of K application on physiological and biochemical level, considering previous findings on efficacy of N and P levels (Chrysargyris et al., 2016) on lavender plant.
Materials and Methods

Plant material and growth conditions
The current study took place at the hydroponic greenhouse infrastructure of the experimental farm, at the Cyprus University of Technology, Cyprus, during two spring-summer seasons of 2013 and 2014. +0.00802 × A 663 (Richardson et al., 2002 
Plant mineral element analysis
Leaf (6 replications/treatment) and root (3 replications/ treatment) samples (0.2-0.3 g) were analysed for nutrient content as described in Chrysargyris et al. (2016) . for evaluation of total phenolic and flavonoids content and total antioxidant activity by the DPPH and FRAP radical scavenging assay.
Total phenolic content
The total phenolic content of the methanol (50% v/v) extracts was determined by using Folin-Ciocalteu reagent (Merck), according to the procedure described by Tzortzakis et al. (2007) . The absorbance at 755 nm was measured versus the prepared blank. Each measurement was repeated in triplicate and the total phenolic content was expressed as μmol of gallic acid equivalents per gram of fresh weight, through a calibration curve with gallic acid.
Total flavonoid and DPPH and FRAP radical scavenging assay
The total flavonoid content was determined according to aluminium chloride colorimetric method as modified in Chrysargyris et al. (2016) . The absorbance was measured at 510 nm. The total flavonoid concentrations are expressed as rutin equivalents (mg rutin g -1 of fresh tissue). The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity and the ferric reducing antioxidant power (FRAP) assay performed of the plant extracts, as described previously (Chrysargyris et al., 2016) . Results were expressed as mg trolox g -1 of fresh weight.
Damage index: Determination of content of H 2 O 2 and lipid peroxidation
The content of H 2 O 2 was determined using the method given by Loreto and Velikova (2001) . Leaf tissue of Lavender growth under K levels 
Activities of antioxidant enzymes
Fresh leaf tissue was homogenized in mortar and pestle using ice cold extraction buffer containing 1 mM ethylenediaminetetraacetic acid (EDTA), 1%
(w/v) polyvinylpyrrolidone (PVPP), 1 mM phenylmethylsulfonyl fluoride (PMSF) and 0.05% Triton X-100 in 50 mM potassium-phosphate buffer (pH=7.0). For APX activity extraction buffer was supplemented with 5 mM ascorbic acid. Protein content in the enzyme extracts was determined using bovine serum albumin (BSA) as a standard (Chrysargyris et al., 2016) .
Total catalase activity (CAT) (EC 1.11.1.6) and total superoxide dismutase activity (SOD) (EC 1.15.1.1)
were assayed following the methods as described by Jiang and Zhang (2002 
Results
Growth parameters
Physiological parameters
In the present study, neither the content of chlorophylls (Chl a, Chl b and total Chl) nor the stomatal conductivity were affected by different K concentrations into the nutrient solution (Table 2) . Lavender growth under K levels 
Leaf and root nutrient content
Increasing K concentration affected macronutrients and micronutrient in both leaves and roots (Tables   3 and 4 
Essential oil yield and constituents
Lavender EO yield significantly (P< 0.05) increased in 300 mg L -1 of K application, while no differences on essential oil yield were found for the 275, 325, 350 and 375 mg L -1 K treatments ( Table 2 ). The effects of different K levels on EO chemical composition are presented in Table 5 . 
Thirty nine components were identified in the EOs
Discussion
The aim of this study was to optimize the K fertigation/nutrition in different levels for the L. angustifolia growth, physiological development, mineral content, antioxidant activity and essential oil composition.
Previous experimentation on effects of N and P levels on lavender revealed the necessity of examining the optimum K application, related specially to the effects of N:K ratio (Chrysargyris et al., 2016) . Therefore, K levels at this study were required to be kept in quite narrow levels, in order to meet the appropriate N:K ratio. Potassium levels usually ranged of 300-350 mg L -1 and more rarely above 400 mg L -1 based on nutritional demands of the crops (Savvas and Passam, 2002) . Potassium shortage during plant growth leads to a decrease in chlorophyll content and photosynthetic rate (Gerardeaux et al., 2010) , enzymes activation, poor growth and reduced yield (Kanai et al., 2007) . The results of this study showed that K had no pronounced effect on most plant growth related parameters (except of leaf length) while considerable effects were observed in root development (root length and fresh weight) for the 325 mg L -1 K application, and as such represented the most favorable treatment for its growth and development.
Leaf length increased possible due to the appropriate sugar signaling as suggested by Gerardeaux et al. (2010) , however, a more precise examination is necessary before drawing definitive conclusions. In cotton and peanuts, Xiao-Li et al. (2008) and Almeida et al. (2015) indicated that K + accumulation was positively correlated with both root length and root surface area, increasing biomass and grain yields, respectively. In general, an improved root biomass would also lead to enhanced shoot biomass, however this trend was not clearly evidenced in the present study possibly due to the short period of plant development or to the narrow ranged K concentrations (275-375 mg L -1 K) that were examined in order to prevent any K shortage during crop cultivation.
The content of chlorophylls, the chloroplast ultrastructure and the stomatal conductance are the main factors in the leaf photosynthetic rate (Zhao et al., 2001) . In the present study, the content of chlorophylls (Chl a, Chl b and total Chl) and the stomatal conductance were not affected by the K levels, which definitely is not a negative issue, as it is implying similar photosynthetic rates among the examined K levels. The negative impact of K + deficiency on photosynthesis, transpiration and stomatal conductance is well documented (Kanai et al., 2007) . Similar photosynthetic rates in the present study may be attributed to the fact that nitrogen concentra- APX, CAT and glutathione reductase (GR) (Foyer and Noctor, 2011) . H 2 O 2 can be removed through the ascorbate-glutathione cycle AsA-GSH whereas the APX and the SOD are the key enzymes in this cycle (Pasternak et al., 2005) . Antioxidant enzymes (SOD, CAT, peroxidase) activity increased in K-deficient bean leaves (Cakmak, 2005) and Houttuynia cordata (Xu et al., 2011) . Results of the present study showed that 325 mg L -1 of K application decreased the MDA content compared with the 275 mg L -1 of K, maybe by elimination of free radicals (Sharma et al., 2012) .
MDA increases with environmental stresses and is used for determination of lipid peroxidation or plasmalemma and organelle membranes damage evaluation (Wang et al., 2013) . In general, oxidative stress was not evidenced in the present study as neither H 2 O 2 production nor the activities of SOD, CAT and APX enzymes got significantly affected by K concentration. Shin et al. (2005) (Hafsi et al., 2014) . Although the increased K levels resulted in higher contents of leaf potassium as compared to lower K levels, the higher leaf potassium did not improve the plant biomass, being in accordance with previous studies (Xu et al., 2011) . Potassium interacts with almost all essential elements. A synergistic role of K with either N or P has been already noted (Nurzynska-Wierdak, 2013; Cecílio Filho et al., 2015) .
Although the 375 mg L -1 of K application resulted in higher contents of potassium content in leaves but not in roots as compared to the 325 mg L -1 , there were no any benefits on plant growth/development and essential oil yield. Enhancement in rate of metabolic processes with higher dose of K may also result in increased demand and utilization of other plant nutrients such as N and/or P, being of prime importance.
Thus, mineral overdoses may not only result in no plant growth benefits but also negatively affected environmental issues and human health. On the other hand, K deficiency inhibits nitrogen assimilation (Hafsi et al., 2014) .
Essential oil yield and constituents in aromatic plants with previous findings in lavender (Lane et al., 2010) .
It is worthwhile to mention that several aromatic spe- 
Conclusions
We examined the effects of potassium rates on hydroponically grown lavender plants, under controlled nutrition status and the middle K levels 300-350 mg L -1 benefited antioxidant activity of lavender.
Considering greater essential oil yield and lower camphor percentage, the 300 mg L -1 K treatment could be appropriate for lavender cultivation and production for essential oil uses. Indeed, considering the content for Ca, P, Mg and Mn, lower Al content, the 325 mg L -1 K treatment could be appropriate for lavender cultivation and production for fresh and dry matter uses.
Careful nutrient management is essential to balance high growth in biomass with the production of high quality oil -two essential parameters for profitable production, environmental and human safe.
